
 

Answer on Question #82566 – Math – Differential Equations 
 

Question 
Solve  
 

𝑑2𝑢

𝑑𝑥2
+

𝑑2𝑢

𝑑𝑥2
= 0 

 
𝑦 = 0 , 𝑦 = 10 , 𝑥 = 𝑖𝑛𝑓𝑖𝑛𝑖𝑡𝑦 

 
𝑢(𝑥, 𝑦) = 𝑥 − 𝑥2 𝑎𝑡 𝑥 =  10 

 
 
 

Solution 
 
𝑢 = 𝑋(𝑥)𝑌(𝑦) 
 
𝑌𝑋′′ + 𝑋𝑌′′ = 0 
 
𝑋′′

𝑋
= −

𝑌′′

𝑌
= 𝜔2 

 
𝑑2𝑋

𝑑𝑥2
= 𝜔2𝑋 ;  

𝑑2𝑌

𝑑𝑦2
= −𝜔2𝑌 

 
The general solution is: 
 

𝑢𝑘(𝑥, 𝑦) = 𝑋𝑘(𝑥)𝑌𝑘(𝑦) = 𝑒𝑥𝑝 (−
𝜔𝑘𝑥

10
) sin

𝜔𝑘𝑦

10
, 

 

𝑢(𝑥, 𝑦) = ∑ 𝑎𝑘𝑋𝑘(𝑥)𝑌𝑘(𝑦)

∞

𝑘=1

= ∑ 𝑎𝑘𝑒𝑥𝑝 (−
𝜔𝑘𝑥

10
) sin

𝜔𝑘𝑦

10

∞

𝑘=1

  ;   𝜔𝑘 = 𝑘𝜋 

 
We have: 
 

𝑢(10, 𝑦) = ∑ 𝑎𝑘𝑒−𝜔𝑘 sin
𝜔𝑘𝑦

10

∞

𝑘=1

= 10 − 100 = −90 

 

𝑎𝑘 = −90 ∙
2

10
∫ 𝑒−𝜔𝑘 sin

𝜔𝑘𝑦

10
𝑑𝑦

10

0

= 18𝑒−𝜔𝑘 ∙
10

𝜔𝑘

(cos 𝜔𝑘 − 1) =
180𝑒−𝜔𝑘

𝜔𝑘

((−1)𝑘 − 1) 

 



 

Answer: 𝑢(𝑥, 𝑦) = 180 ∑ ((−1)𝑘 − 1)
𝑒−𝜔𝑘

𝜔𝑘
𝑒𝑥𝑝 (−

𝜔𝑘𝑥

10
) sin

𝜔𝑘𝑦

10

∞
𝑘=1 . 
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